Abstract-Purification and functionalization of carbon nanotubes have been examined using different acid treatments. CNTs treatment may vary depending on the desired outcome. The results show that HCl as a strong acid, oxidizes all the materials present in the sample. HNO3 acts as an oxidizing agent which is useful to produce functional CNTs. H2O2 behaves as a regulator in presence of both acids. The results suggest that H2O2 may be a critical element to control the outcome of CNTs purification and functionalization process.
I. INTRODUCTION
In the past couple of decades; since discovery of carbon nanotubes (CNTs) by Ijimma [1] , CNTs have attracted attention from research communities due to their extraordinary physical and chemical characteristics. CNTs astonishing behavior in correlation with their morphology, for instance the sp2 hybridization of carbon atoms besides CNTs chiral angle and diameter; makes them a peculiar member of carbon-based material. As a result, CNTs have been utilized for enhancement of polymeric, ceramic and other composite materials [2] , [3] ; in addition, characteristics such as ballistic conductance in single walled carbon nanotubes (SWCNT) have been theorized.
First reported CNTs were produced via the arc discharge process [1] . The nanotubes produced via this technique were high in purity and had few numbers of walls; however, this method was costly and had low production yield. On the other hand, Chemical vapor deposition (CVD) was found to be worthy of the cost due to its high production yield; although the low purity of the produced CNTs and complexity in controlling the morphology of the product could be listed as disadvantages of this method. Nonetheless CNTs produced via CVD process are easily obtainable by researchers due to their low cost.
Transition metals such as Nickel (Ni), Iron (Fe) and Cobalt (Co) are used as seed material to synthesize CNTs in CVD. These metal particles are frequently observed to remain either at the base, tip or in the middle of the nanotubes. This is due to the mechanism of CNTs formation. The presence of catalyst impurities in CNTs would drastically affect nanotubes properties such as electrical and thermal conduction. These effects reduce the likability of CNTs to be utilized for engineering applications such as electronic devices [4] .
There have been extensive studies on removal of these metal impurities from CNTs via physical and chemical methods. The physical methods mainly revolve around high temperature treatment of CNTs to remove any impurities; on the other hand, chemical methods revolve around acid treatment and chemical etching of metal impurities. These treatments each affect CNTs greatly and change their properties drastically. In one hand purification of CNTs seems necessary because impurities affect various properties of CNTs and on the other hand acid treatment of CNTs would change the morphology and structure of nanotubes while oxidizing the impurities [5] .
There are numerous chemical etching methods for metal impurities. Usually these methods are selected depending on chemical composition of the metal catalyst and preferred outcome. Many studies have compared the effects of various acids and their concentration, duration of the treatment as well as temperature to determine the optimum condition for purification of CNTs. Although there have been extensive studies on removal of metal impurities from CNTs; the effect of each acid treatment on CNTs have not been fully understood. Herein the effects of different etchants on the purity and functionality of CNTs are examined.
II. MATERIALS AND METHODS

A. Sample Preparation
The material used for this work were as follow: Commercial multiwall carbon nanotubes (MWCNTs) produced by catalytic decomposition (L.MWNTs-2040, length=5--40 nm, Shenzhen Nanotechnologies Port Co. Ltd., Shenzhen, China); 65% nitric acid, 37% hydrochloric acid and 30% hydrogen peroxide (R&M Chemicals). For this work 4 samples were prepared in addition to the purchased CNTs. For each sample 20mg of CNTs were magnetically stirred in a reflux for 6 hours; table 1 presents the treatment performed on each sample. To collect MWCNTs, final mixture for each sample was centrifuged followed by washing twice with distilled water and deionized water respectively until pH 7 was obtained. MWCNTs were dried in the oven for 12 hours at 80 C. These method, materials and temperature were preferred as they were reported to be highly effective based on previous studies and reviews.
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B. Characterization
Raman spectroscopy (Witec Alpha 300R) with laser excitation wavelength of 532 nm to validate the degree of graphitization, Energy Dispersive Spectroscopy (EDS) (FEI Nova Nanosem EDS) for elemental studies, Thermogravimetric Analysis (TGA) (Mettler Toledo TGA/DSC) to determine the degree of oxidation were utilized. Last but not least Fourier transform infrared spectroscopy (FTIR) (Thermo Nicolet AEM FTIR) was employed to determine the functionality of pristine and treated CNTs.
III. RESULTS AND DISCUSSION
A. FTIR
Qualitative investigation of the functional groups attached to surface of CNTs could contribute to better understanding the chemical reaction which occurs during each acid treatment. The result confirms the presence of carboxyl and hydroxyl groups on the surface of aspurchased sample due to the purification treatment done by the supplier prior to shipping. This allows us to witness the etching effects of HCl in sample A and C, as the O-H stretch, C-H stretch and C=O stretch observed at 3200-3600 cm -1 (phenol, alcohol), 2850-2925 cm -1 (aliphatic) and 1680-1740 cm -1 (aldehyde, lactone, carbonyl) respectively, weaken and disappear [10] - [13] . These peaks get noticeably stronger in samples B and D.
Similarly samples B and D display various weak peaks which indicate the presence of CO2 (2348 cm -1 ) and anhydride (1030-1270 cm -1 ) functional group [14] as a result of HNO3 treatment. These peaks are either very weak or completely omitted in samples treated with HCl.
The peaks observed at 1631, 1490, 1384 cm -1 correspond to the C=C vibrations of aromatic carbon structure [15] . These peaks as well seem to disappear mildly in samples A and strongly in C. Figure 1 displays the FTIR spectrum of all samples. These results confirm the effectiveness of HNO3 for attachment of carbonyl, carboxyl and hydroxyl functional groups to the surface of CNTs. We may also conclude that the presence of H2O2 improves the effectiveness of each acid for the purpose they may be utilized.
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B. Raman
The Raman result of as-purchased CNTs indicate the three prominent peaks at 1338 cm -1 , 1566 cm -1 and 2673 which represent D band (Defect), G band (Graphitized) and 2D band (second order scattering of D band) respectively [16] . The ratio of (ID/IG) which is calculated to determine the quality of CNTs, for as-purchased sample is 0.9441. This indicates the presence of slightly more graphitized carbon structures in comparison with amorphous carbons. The ratio of (I2D/IG) for as-purchased CNTs is 0.4546 which confirms the presence of MWCNTs. Raman results obtained from sample A, C and D display a strong peak at 1338 cm -1 (D band) and relatively a weaker peak at 1566 cm -1 (G band); on the other hand, sample B displays strong peak at 1566 cm -1 (G band) and relatively weaker peak at 1338 cm -1 (D band). All samples display a 2D peak at 2673 although the intensity of this peak varies as a result of different treatment. These result are shown in Figure 2 .
The results from sample A and C clearly display the etching strength of HCl in comparison with HNO3. CNTs tend to oxidize much faster in presence of HCl which induces the disordered graphitic materials (stronger D band) and deteriorated the CNTs [17] . Although the H2O2 in presence of acids tend to behave as a strong oxidizer, the mixture of H2O2 and HCl (sample C) display a lower ratio of ID/IG in comparison with HCl (less disorder); on the other hand, the presence of H2O2 in HNO3 (sample D) increases the ID/IG ratio in comparison with HNO3.
The 2D band does not correlate with defects of the CNTs [18] . The ratio of I2D/IG corresponds to the variation of layers in graphitic materials and at the same time could indicate the band structural defects as a result of sp 3 formation. In short the decrease in I2D/IG ratio indicates structural damage to the honeycomb lattice. From the result we may conclude that the highest oxidation and functionalization takes place in sample D, on the other hand HNO3 treatment may enhance the structure of CNTs. Table. 2. Ratio of graphitized, defective and structural alteration
C. EDS
The EDS analysis of the CNTs provides us with useful information regarding composition of the materials present in the CNTs sample. EDS analysis indicate the presence of Nickel (Ni) nanoparticles which are used as catalytic material to synthesize CNTs. The EDS results obtained from sample A to D indicate the presence of the same elemental elements (C, O and Ni) in all samples. Since EDS provides data regarding a small area in the sample it cannot be assumed that the result would be consistent all over the samples. Figure 3 displays the EDS data regarding the presence of each element (Carbon, Oxygen and Nickel) in each sample are presented. As it could be seen from the provided charts the Nickel content in sample A and C are relatively lower than B and D. Oxygen content is higher in samples A and D while the carbon content is the highest in sample B and C. Figure 3 displays the elemental analysis of treated samples.
D. TGA
To confirm the working principle of each oxidative treatment the TG curve for each sample was recorded in oxygen rich atmosphere. Thermal oxidation of each sample is displayed from 30 -610 C and not further due to buoyancy error which interfere with final residual value. The five shaded segments in the Figure 4 indicate oxidation and conversion range for different oxygen containing functional groups, it also shows that CNTs immediate oxidation begins at 510 C and ends at 680 C (not shown in Fig. 4.) . Segment 1 corresponds to evaporation of moisture, while conversion of hydroxyl to carboxyl group because of oxidation reaction, takes place in segment 2 [11] , [19] . Sample C displays 2% weight loss which indicates evaporation of water vapor. In contrast sample A had the minimum weight loss compared to other samples in segment 1. Segment 3 is decomposition region for aldehyde and carboxyl groups [20] . It is clear that sample C does not experience much weight loss unlike sample A, B and D. Decomposition of lactone and anhydride groups takes place in segment 4 while new ether group is formed due to oxidation of graphitized carbon structure [11] . Sample A displays greater weight loss in segment 4 in comparison to segment 3 which indicates higher percentage of C=O bond. With that in mind, sample C displays the smallest weight loss in this segment. Segment 5 corresponds to decomposition of remaining phenol and carbonyl groups. Sample D displays the highest weight loss in this segment unlike sample C which displayed the least weight loss. In this work we have demonstrated the effects of each treatment on the CNTs. This results confirm that HCl protonates the catalyst particles in the sample and reduces the hydrocarbons which as result increases the oxygen content. HNO3 as a weaker acid does not deteriorate CNTs or catalyst particles as brutally as HCl, while oxidizing the CNTs, from the result obtained it may be concluded that by donating a proton, HNO3 reduces the oxygen containing functional groups and alters them to produce carboxylic acids and aldehydes. In sample C the reaction is not like sample A, The presence of H2O2 appears to assist with the removal of catalyst particles. The Cl -and OH -ions are produced as a result of HCl and H2O2 reaction which further reduces the hydrocarbons. Hence, higher moisture content and milder deterioration of graphitized carbon is witnessed in compared to its counterpart. In sample D the carbon content reduces while oxygen content increases and the amount of catalyst particles appear to be close to that of sample B. Unlike sample C the presence of H2O2 seems to increase the oxygen containing functional groups which result in increase of oxygen content. This could be explained by considering the mixture of HNO3 and H2O2 which results in production of HNO4 that assists in further oxidation of the sample and deterioration of graphitized structure.
Based on the presented result it is clear that HCl should be utilized when purification of CNTs is desired, although oxidation of graphitized carbon structure is inevitable. Further addition of H2O2 increases the moisture content in the sample and assists with the purification process while regulating structural damage. Although there are number of works that suggest HNO3 is useful for purification of CNTs [21] , this result suggest that may not be the case in all types of CNTs. It is though that HNO3 improves the structure of graphitized CNTs considering oxidation that takes place in the process [22] . Various oxygen containing functional groups are introduced as a result of HNO3 oxidation. The addition of H2O2 though enhances the functionalization process, it damages the graphitized structure despite the presence of HNO3.
